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SrY[Z_UGbqFtJQVw]	Z_bqFIOQVWY[HJQO2FIOQVWY[H_H9FIVwURMXJ2Y[HaO=URMPS_UR`NJRMPHjOR`NMNJ=S9FIUGbWMNJ=LNY[Z_UQ;MNJ=MPH(OQU2FIVwORJ=LNY[HaOQVwHjZKJMPOGbWMNJ
J2Y[bwZ_OQVWY[HKJGS;Y[Z_UGbqFtJQVw]	Z_bqFIOQVWY[H OQU2FIHKJRVwORY[VwURM1Y
t = 72.2
±eFkJRY[HaO=URMPS_UR`NJRMPHjOR`NMNJ=S9FIUGbWMNJ=LNY[Z_UQ;MNJ=MPH
OQVwURMPORJ¹xCAMNJGSrYeJQVwOQVWY[HKJGo_MNJGLNY[ZKLRvKMNJ Y
t = 72.2
±eFtFIHKJGJRY[HjO=o_Y[H_HK`NMNJGS9FIU¾bWMNJ¾SrY[VwHaOQVwbwbW`NJGvKY[UQVw|Y[H5h
O2FIZ5¯}x
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E¾VWJQOQUQVw_Z_OQVWY[H MPH/D Y[HKLPOQVWY[Ho_Mubml»FI]XVwHKLPVWJRJRMP]TMPHaO
oKFIHKJ=Z_HtD¶Y[U2FIfgMXJQVwOQZK`XMPH
x = 30
±j] ²¨´¶Fg¸¾o_MNJ
i
FIbWMPZ_URJ=S_URY[S_URMNJ	o_M
a(2)
MPOd´ÄC¸¾o5Z*o_`PS_v9F[JFIfgM
ϕ¯
x5AMNJJRY[bwZ_OQVWY[HKJSrY[Z_UzbqF\JRVw]	Z_bqFIOQVWY[H¦JQO2FIOQVWY[H_H9FIVwURM=J2Y[HaOURMPS_UR`NJRMPHjOR`NMNJDS9FIUzbWMNJLNY[Z_UQ;MNJMPHkOQU2FIVwORJ
LNY[HjOQVwHaZKJ=MPO{bWMNJ¾JRY[bwZ_OQVWY[HKJ¾SrY[Z_U7bqFdJQVw]	Z_bqFIOQVWY[H(OQU2FIHKJQVwORY[VwURMXFIS_URNJ H[ºdºeÅeÅtFIHKJ7J2Y[HaO¾URMPS_UR`NJRMPHaOR`NMNJ
S9FIUbWMNJ«LNY[Z_UQrMNJﬁMPH\OQVwURMPORJ¹xIMNJSrY[VwHaOQVwbwbW`NJJRY[HjOﬁbWMNJ«JRY[bwZ_OQVWY[HKJﬁY[_ORMPHjZKMNJMPH?JQZ_S_SrYeJ2FIHjOZ_H_VWcjZKMP]TMPHaO
Z_HKMXLNY[]XS_URMNJRJRVWY[H_VqF¯VqFIbWMe}MPO\LNY[UQURMNJQS;Y[HKo_MPHjO	o_Y[HKLdFIZ5¯ JRY[bwZ_OQVWY[HKJ	FIZo 3[]TMeAcjZKMPb¨cjZKMXJRY[VwO=bWM
ORMP]XSKJ|x_MNJDSrYeJQVwOQVWY[HKJDo_MNJDLNY[ZKL2vKMNJ¾FIZpORMP]XSKJ
t = 72.2
±eFXJRY[HaO7o_Y[H_HK`NMNJDS9FIUDbWMNJOQU2FIVwORJ7LNY[HaOQVwHjZKJ
vKY[UQVw|Y[HjO2FIZ5¯rx
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EGFIHKJzLNMPOQORM¾S9FIUQOQVWM¾HKY[ZKJ½]TYjo_`PbwVWJRY[HKJ½bmln`NLNY[Z_bWMP]TMPHjODOQUQVWo5Vw]TMPHKJQVWY[H_HKMPbFIZ
i
Y[VWJQVwH9FIfgMGo5Z_D¶Y[U2FIfgM
o_M¦o 3[]TM
w
x¨y¾Y[ORY[HKJdcjZKMpSrY[Z_Udo_MNJdJRVw]	Z_bqFIOQVWY[HKJk¿[E?¨bWMpHKY[]	_URMso_MpHKYMPZKo_Jdo5Z ]dFIVwbwbqFIfgMMPO
bWMNJdORMP]XSKJdo_MpL|FIbWLPZ_b¾o_M
i
VWMPH_HKMPHjOuU2FIS_VWo_MP]TMPHjOtLNY[HKJRVWo_`PU2FI_bWMNJ|LelnMNJQOdS;Y[Z_URcjZKY[V{HKY[ZKJuL|FIbWLPZ_bWY[HKJ
Z_H_VWcjZKMP]TMPHaO	bWM?L2v9FI]XS*o_M
i
VwORMNJRJRMLNY[UQURMNJQSrY[HKoKFIHaOYubqFtORY[SrY[feU2FIS_v_VWMTF[LPOQZKMPbwbWMdFIZ
i
Y[VWJQVwH9FIfgMTo5Z
D¶Y[U2FIfgM=MPODSrY[Z_UZ_HKM=UQvK`NY[bWY[feVWM	o_MGbqFXfebqF[LNMG~_¯5`NMex
y7Y[ZKJ=HKY[ORY[HKJ
x
MPO
y
bWMNJo5VwURMNLPOQVWY[HKJvKY[UQVw|Y[HjO2FIbWMNJ\MPO
z
bqFko5VwURMNLPOQVWY[H
i
MPUQOQVWL|FIbWMexAAMNJ
i
VwORMNJRJ2MNJ
vKY[UQVw|Y[HjO2FIbWMNJ7J2Y[HaOHKY[OR`NMNJ
u

v
KY[ZS_bwZKJfg`PHK`PU2FIbWMP]TMPHjO
u⊥
_MPObqF
i
VwORMNJRJRM
i
MPUQOQVWL|FIbWM	MNJQOHKY[OR`NM
w
x
­«Y[Z_U?LPUR`NMPU	bWMX]dFIVwbwbqFIfgMe«HKY[ZKJZ_OQVwbwVWJRY[HKJ\bWMNJo_Y[H_HK`NMNJ\ORY[S;Y[feU2FIS_v_VWcjZKMNJ?o5Z JRYLPbWM
B(x, y)
MPO
o_M¦bqF*JRZ_U?D¶F[LNM
E(x, y)
D¶Y[Z_UQH_VWMNJtS9FIU KzMNo5]dFISAx½y7Y[ZKJtZ_OQVwbwVWJRY[HKJto_MNJk`PbW`P]TMPHaORJcjZ9F[o5UQVwbqFIOR`PU2FIZ5¯
F
i
MNL¾Z_HKM7VwHjORMPUQS;Y[bqFIOQVWY[H¦bwVwHK`|FIVwURMex_AM¾]dFIVwbwbqFIfgM¾MNJRO½UR`PfeZ_bwVWMPUDF
i
MNL=o_MNJ½`PbW`P]TMPHjORJDo_M·|ÅI±j] o_M¾L 3[OR`
JRZ_V
i
FIHjOTbWMNJTo5VwURMNLPOQVWY[HKJuvKY[UQVw|Y[HaO2FIbWMNJkMPOXHKY[ZKJTZ_OQVwbwVWJRY[HKJtºeÅ `PbW`P]TMPHaORJuSrY[Z_UXbqF
i
MPUQOQVWL|FIbWMexy¾Y[ZKJ
LNY[]XS9FIURY[HKJ\bWMNJUR`NJRZ_bwO2FIORJ\Y[_ORMPHjZKJ?JRZ_UZ_H o_Y[]dFIVwHKMuo_M
320 × 320 ±] YpLNMPZ5¯*Y[_ORMPHaZKJ?JQZ_U	Z_H
o_Y[]dFIVwHKM	o_M
640× 640 ±]px
AMzS_URYI~KbKo_MzORMP]XS;`PU2FIOQZ_URMeaMPH D Y[HKLPOQVWY[Hdo_M½bqF¾v9FIZ_ORMPZ_U¨UR`No5Z_VwORM{MNJQO~_¯5MMPOLNY[UQURMNJQSrY[HKokY¾LNMPbwZ_V
]TMNJRZ_UR`7oKFIHKJzbWM D Y[U2FIfgM¾o_MGE 3[]TM
w
x 67ZdH_V
i
M|FIZo5ZJRYjLPbWM7HKY[ZKJzJQZ_S_SrYeJRY[HKJcjZAl VwbrHAl 1uF	H_V6D ZKJQVWY[H
H_V}febwVWJ2JRMP]TMPHaO|x
y7Y[ZKJZ_OQVwbwVWJ2Y[HKJDo_MPZ5¯O	1S;MNJDo_M	LNY[HKo5VwOQVWY[HKJ7FIZ5¯kbwVw]XVwORMNJDSrY[Z_UbWMNJDrY[URo_JbqFIOR`PU2FIZ5¯²
³
o_MNJuLNY[HKo5VwOQVWY[HKJFIZ5¯ bwVw]XVwORMNJtMPH
i
VwORMNJRJRMNJuY[_ORMPHaZKMNJ Y*S9FIUQOQVwUuo_Msbml»FIS_S_URYN¯5Vw]dFIOQVWY[H o_MsbqF
LNY[ZKLRvKM=]XVwHKLNMYbmlnY[URo5URM	Å
∂u¯n
∂xn
=
ρg
M¯nznz
dE
dxn
(z −B)  ´<Hx Ãj¸
Y[¼
u¯n
MNJRObqF
i
VwORMNJRJ2MDvKY[UQVw|Y[HaO2FIbWMGHKY[UQ]dFIbWMGFIZt;Y[URoubqFIOR`PU2FIb;LNY[HKJRVWo_`PUR`e
xn
MNJQObqF\o5VwURMNLPOQVWY[H
vKY[UQVw|Y[HaO2FIbWMXHKY[UQ]dFIbWMTFIZ rY[URobqFIOR`PU2FIb¨LNY[HKJQVWo_`PUR`XMPO
M¯nznz
MNJQOGbqFuLNY[]XSrYeJ2FIHjORM
nznz
o_M
bqF?bWY[Vo_M=LNY[]XSrY[UQORMP]TMPHaOG`NLPUQVwORMJRY[ZKJ D¶Y[UQ]TM=LNY[HKo_MPHKJR`NMu´¶µ5x»ºyFg¸x
³
o_MNJDLNY[HKo5VwOQVWY[HKJ7FIZ5¯kbwVw]XVwORMNJDMPH¦LNY[HjOQU2FIVwHaORMNJ|CLNY[UQURMNJQSrY[HKoKFIHaO Y?bqF?S_URMNJ2JQVWY[Hpv$15o5URYeJQO2FIOQVWcjZKM
σ¯.nL = ρg(E − z)  ´<HxSFg¸
Y[¼
nL
MNJQObWM
i
MNLPORMPZ_UDZ_H_VwO2FIVwURMHKY[UQ]dFIb«FIZ¦;Y[URokbqFIOR`PU2FIbLNY[HKJRVWo_`PUR`ex
6D~KH o_MLNY[]XS9FIURMPUTbWMNJTUR`NJQZ_bwO2FIORJTMPHaOQURMsMPZ5¯rHKY[ZKJtF0/ZKJQORY[HKJbqF
i
FIbWMPZ_Udo_MkUR`[D¶`PURMPHKLNMpo_MkbqF
KZ_VWo5VwOR`
Bn(−10◦
w
)
S;Y[Z_U¾Y[_ORMPH_VwU7Z_HKM
i
VwORMNJRJ2M
i
MPUQOQVWL|FIbWM\o_Mh º5x»¿[LP]ﬀF −1 MPHsJQZ_U?DmF[LNM\FIZsH_V i M|FIZ
o5ZD¶Y[U2FIfgMo_ME 3[]TM
w
IcaZ_V5LNY[UQURMNJQSrY[HKo YDbml»F[LNLPZ_]	Z_bqFIOQVWY[HT]TMNJQZ_UR`NMVwH5hJQVwOQZAxI­«Y[Z_UﬁbWMNJﬁJQVw]\Z_bqFIOQVWY[HKJ
F
i
MNL½bWM]TYo_PbWM%¾­°
w
IbqF7bWY[V5o_M½LNY[]XSrY[UQORMP]TMPHaOMNJQO«O2FI_Z_bW`NMF
i
MNLo_MNJ«S9FIU2FI]TPOQURMNJo}l»FIH_VWJ2Y[OQURY[S_VWM
o5ZtfeU2FIVwHo_Y[H_HK`NJzS9FIU
β = 0.04
MPO
γ = 1
MPO½bWM7S_URYI~Kb}o_M D¶FI_UQVWcjZKM¾MPH_D¶Y[HKLPOQVWY[Ho_M{bqF\S_URY D¶Y[HKo_MPZ_U
UR`No5Z_VwORM=MNJRO~_¯_MGMPOzMNJROzo_Y[H_HK`GS9FIU´¶µ5x»¿eºg¸x_F?o_`~KH_VwOQVWY[H¦o_MNJJRVw]	Z_bqFIOQVWY[HKJDM®}MNLPOQZK`NMNJMNJQOo_Y[H_HK`NM
oKFIHKJDbWM=O2FI_bWM|FIZHxw·ex
&
ﬁ  *¡¶ e§9¤[¤I§9¤ X¢zBa¡_¢«£ y;9m§C¤k§9£¤ICB,=?;Q5§
°jZ_UAbqFVwfeZ_URM Hxw·|¿HKY[ZKJLNY[]XS9FIURY[HKJbWMNJ
i
VwORMNJRJRMNJ}vKY[UQVw|Y[HjO2FIbWMNJﬁY[_ORMPHaZKMNJﬁF
i
MNLbWMNJJQVw]\Z_bqFIOQVWY[HKJ
VWJ2Y

;LPZ

¿eºeÅ MPOVWJRY

rLPS_bwVw]

¿eºeÅ*F~KH o_MkORMNJRORMPUXbml VwH5KZKMPHKLNMpo_MkbqF(LNY[HKo5VwOQVWY[HªFIZ rY[URo}xAMNJ
i
VwORMNJRJRMNJ½Y[_ORMPHaZKMNJJRZ_UbmlnMPHKJRMP]\_bWM¾o5Zko_Y[]dFIVwHKMGJRY[HaODF[JRJ2MP{S_URYLRvKMNJzMPHaOQURM¾bWMNJzo_MPZ5¯dJQVw]	Z_bqFIOQVWY[HKJ¹x
MNJTo5V®r`PURMPHKLNMNJdbWMNJTS_bwZKJXVw]XSrY[UQO2FIHaORMNJtJRMJQVwOQZKMPHjOdS_URNJTo_MNJTbwVw]XVwORMNJdY[¼ bWMNJXSrMPHaORMNJuJRY[HaOtF[JRJRMP
DmFIVw_bWMNJ|x
I b 1kF?Z_H¦OQURNJ;Y[H¦F[LNLNY[URo¦MPHaOQURMbWMNJ{o_MPZ5¯kJQVw]\Z_bqFIOQVWY[HKJ7oKFIHKJDbWM=LNY[VwHpfaFIZKLRvKM\MPH9F[J|_b Y
Y[¼bWMNJzSrMPHaORMNJ7JRY[HaObWMNJDS_bwZKJVw]XS;Y[UQO2FIHjORMNJ|KMPODY[¼bml»FIS_S_URY|¯Vw]dFIOQVWY[H(o_MGbqFLNY[ZKLRvKM=]XVwHKLNM	MNJQOJ2FIHKJ
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HKY[] o_M=bqFJRVw]	Z_bqFIOQVWY[H LNY[]XSrY[UQORMP]TMPHaO
Bn(−10◦
w
)
l­F −n F −1 w x_¨x ]dFIVwbwbqFIfgMu´Ä±j] 2 ¸
VWJRY

rLPZ

¿eºeÅ VWJ2Y[OQURY[S;M
n = 1 B1 = 0.0204
´<Hx Ãj¸ ¿eºeÅ × ¿eºeÅ
VWJRY

rLPS_bwVw]

¿eºeÅ VWJ2Y[OQURY[S;M
n = 1 B1 = 0.0217
´<HxSFg¸ ¿eºeÅ × ¿eºeÅ
VWJRY

rLPS_bwVw]

µIÃaÅ VWJ2Y[OQURY[S;M
n = 1 B1 = 0.0209
´<HxSFg¸ µIÃaÅ × µIÃaÅ
G­°
w

rLPS_bwVw]

¿eºeÅ ¾­°
w
B1 = 0.01067
´<HxSFg¸ ¿eºeÅ × ¿eºeÅ
G­°
w

rLPS_bwVw]

µIÃaÅ ¾­°
w
B1 = 0.00817
´<HxSFg¸ µIÃaÅ × µIÃaÅ
VWJRY[H_b

;LPS_bwVw]

µIÃaÅ VWJ2Y[OQURY[S;M
n = 3 B3 = 52.916
´<HxSFg¸ µIÃaÅ × µIÃaÅ

	 ﬂHxw·e²E¾`~KH_VwOQVWY[H o_MNJ	JQVw]\Z_bqFIOQVWY[HKJ\¿[Ex
Bn
MNJQO=bqFkKZ_VWo5VwOR`To_MXUR`[D¶`PURMPHKLNM¦´ ·ex»ºg¸MPO
w
xAx}bWM
O51jSrM=o_M=LNY[HKo5VwOQVWY[HYbqF?bwVw]XVwORMex
o_Y[Z_ORM{bqF=S_bwZKJ
i
FIbwVWo_Mex5À¾bWY[9FIbWMP]TMPHaOzbWMNJ
i
VwORMNJRJ2MNJJRY[HjOSrMPUQS;MPHKo5VWLPZ_bqFIVwURMNJFIZ5¯dLNY[Z_UQrMNJo_M{H_V
i
M|FIZA
LNY[]X]TM¾]TMNJQZ_UR`¾VwH5hJQVwOQZ*´¾VwOQOQZ9FIUQVC^a`CbdcUeW_ºeÅeÅIÃj¸x 67ZtH_V
i
M|FIZpo5Zo 3[]TMebqF?o5VwURMNLPOQVWY[Hpo_MNJ
i
VwORMNJ2JRMNJ
L2v9FIH_fgMMPHjOQURMbWMNJo_MPZ5¯	JQVw]\Z_bqFIOQVWY[HKJﬁ]dFIVWJbqF{HKY[UQ]TMMNJROOQURNJJQVw]XVwbqFIVwURMexEGMS_bwZKJ|¹Y[H?URMP]dFIURcjZKMcjZKM
bWMNJ¨KZ_VWo5VwOR`NJo_MUR`[D¶`PURMPHKLNM¾o_MNJo_MPZ5¯TJQVw]	Z_bqFIOQVWY[HKJzJRY[HjOOQURNJS_URYjL2vKMNJ|g]dFIVWJHKMPOQORMP]TMPHaO½VwH#D `PUQVWMPZ_URMNJ
Y?bqF
i
FIbWMPZ_U{o_M
B1 = 0.16 ± 0.07 l­F −1 F −1 o_Y[H_HK`NM=S9FIU7}VwS;MPH_±gY i ^a` bycfe«´ ·|ÆeÆ,He¸x
°jZ_U}bqF«VwfeZ_URM Hxw·PÃDHKY[ZKJALNY[]XS9FIURY[HKJAbWMNJ
i
VwORMNJRJ2MNJAY[_ORMPHaZKMNJﬁF
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bqFkS;YeJRVwOQVWY[H*o_MNJ=rY[URo_J	o5Zo_Y[]dFIVwHKMexI b 1 F
Z_H OQURNJXrY[HªF[LNLNY[URo MPHjOQURMbWMNJTo_MPZ5¯ UR`NJQZ_bwO2FIORJ|¨]1~P]TM¦FIZ H_V
i
M|FIZªo_MNJXbwVw]XVwORMNJTbqFIOR`PU2FIbWMNJdSrY[Z_U
bqFXJRVw]	Z_bqFIOQVWY[HVWJRY

;LPS_bwVw]

¿eºeÅ5x;y¾Y[ORY[HKJ{cjZKM=bml VwHaOR`PUQVWMPZ_U=o5Z¦o_Y[]dFIVwHKM?MNJQODOQURNJ{S;MPZsF®}MNLPOR`ex9«F
o5VwURMNLPOQVWY[H o_MNJ
i
VwORMNJ2JRMNJ
i
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i
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MNJQO¾OQURNJ
DmFIVw_bWMex
M¨HªLNY[HKLPbwZKJQVWY[HA½bWMNJuUR`NJQZ_bwO2FIORJkY[_ORMPHaZKJFIZ
i
Y[VWJQVwH9FIfgMo5Z&D Y[U2FIfgM(F
i
MNLsZ_HKM¦febqF[LNM¦VWJRY[OQURY[SrM
bwVwHK`|FIVwURMtJRY[HaO\S;MPZ JRMPHKJQVw_bWMNJFIZ*O51jSrMuo_MuLNY[HKo5VwOQVWY[HKJXFIZ5¯bwVw]XVwORMNJ?MPO YbqFpS;YeJQVwOQVWY[H o_MNJ	bwVw]XVwORMNJ
bqFIOR`PU2FIbWMNJ{S9FIUU2FIS_S;Y[UQO7FIZsJQVwORM=o_M D¶Y[U2FIfgMex
°jZ_U?bqF «VwfeZ_URM Hxw·F¦HKY[ZKJLNY[]XS9FIURY[HKJbWMNJ\UR`NJRZ_bwO2FIORJ?o_MNJJQVw]\Z_bqFIOQVWY[HKJ ¾­½°
w

;LPS_bwVw]
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¿eºeÅ
MPOA¾­½°
w
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;LPS_bwVw]
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D.M3 = α1S.M3 +
2
3
α2 tr(M3.S)M3 + α3
(
S.M3 + tr(M3.S)M3 −
2
3
α2 tr(M3.S)M 3
)
= (α1 + α3)S.M3 +
1
3
(2α2 + α3) tr(M3.S)M 3
x
´ 6?xSFg¸
·|ÆyF
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Á7HSrMPZ_O{o_Y[HKL`NLPUQVwURM
tr(M3.D)
MPH D¶Y[HKLPOQVWY[H¦o_M
M3
MPO
S
LNY[]X]TMT²
tr(M3.D) = tr(D.M 3) = (α1 +
2
3
α2 +
4
3
α3) tr(M 3.S)
 ´ 6\x»µg¸
MPODLNY[]X]TM
(D.M3 + M3.D)
D = D.M3 + M3.D −
2
3
tr(D.M 3)I
 ´ 6\xvHe¸
FIbWY[URJDMPH¦Z_OQVwbwVWJ2FIHaO\´ 6?xSFg¸´ 6?x Ãj¸½MPO\´ 6?x»µg¸_HKY[ZKJDY[_ORMPHKY[HKJ
(D.M3 + M3.D)
D = (α1 + α3)(S.M3 + M3.S)
D +
2
3
(2α2 + α3) tr(M3.S)M
D
3
x´ 6?xS}g¸
El»FIS_URNJ	´ 6?xS}g¸
(S.M 3 + M3.S)
D =
1
α1 + α3
(D.M 3 + M 3.D)
D − 2
3
2α2 + α3
α1 + α3
tr(M 3.S)M
D
3
 ´ 6?x»Æg¸
MPODo}l»FIS_URNJ?´ 6\x»µg¸
tr(M 3.S) = tr(S.M 3) =
3
3α1 + 2α2 + 4α3
tr(M 3.D)
x ´ 6\xw·|Åg¸
M¨HpURMP]XS_bqF[^|FIHaO
tr(M3.S)
o_Y[H_HK`	S9FIU?´ 6?xw·|Åg¸zMPO
(S.M 3 + M3.S)
D o_Y[H_HK`S9FIU´ 6\x»Æg¸´ MPO
´ 6?xw·|Åg¸Q¸½oKFIHKJDbmln`NcjZ9FIOQVWY[H ´ 6?xw·¹¸_HKY[ZKJDY[_ORMPHKY[HKJ
α1S = D +
2α3(2α2 + α3)− 3α2(α1 + α3)
(α1 + α3)(3α1 + 2α2 + 4α3)
tr(M 3.D)M
D
3 −
α3
α1 + α3
(D.M3 +M3.D)
D x
´ 6?xw·e·¹¸
M¨HpZ_OQVwbwVWJ2FIHaO?´ 6\x»ºg¸
2α3(2α2 + α3)− 3α2(α1 + α3) =
( 1
4η2
)18β(γ − β)
4γ − 1

(α1 + α3)(3α1 + 2α2 + 4α3) =
( 1
4η2
) 9β
4γ − 1

α3
α1 + α3
= 1− β 
´ 6?xw·|ºg¸
FIVwHKJQV}bmln`NcjZ9FIOQVWY[H ´ 6?xw·e·¹¸zJ|ln`NLPUQVwO
S = 2η
(
1
β
D + 2(
γ
β
− 1) tr(M 3.D)MD3 + (1−
1
β
)(D.M3 + M3.D)
D
)
 ´ 6?xw·|¿g¸
cjZ_VAMNJQObmln`NcjZ9FIOQVWY[H ´¶º5x»Æg¸½VwH
i
MPURJ2M	o_MT´¶º5xS}g¸zMPO\´ 6?xw·¹¸x
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i
MPbWY[S_S9FIHaObWMNJk`NcaZ9FIOQVWY[HKJ´¶º5x»¿y}g¸=´¶º5x»¿eÆg¸uMPO ´¶º5x ÃaÅg¸toKFIHKJ {gR} ½HKY[ZKJkY[_ORMPHKY[HKJkbWMNJ
ORMPHKJ2MPZ_URJfeU2F[o5VWMPHaO¾o_M
i
VwORMNJRJ2Me
i
VwORMNJRJ2M=o_M=o_`[D Y[UQ]dFIOQVWY[H¦MPO{O2FIZ5¯ko_MGURY[O2FIOQVWY[HsS;Y[Z_UbWMG]TYo_PbWMo_M
feU2FIVwH Y=S_bqFIHKJo_MDfebwVWJRJRMP]TMPHjO½MPObWMNJS_bqFIHKJo_MDfebwVWJRJRMP]TMPHjOzF[o_Y[S_OR`NJS9FIU
w
F[JRORMPbwH9FIZt^a`pbdcUer´ ·|ÆeÆeµIC¸x
MNJLNY[HaOQU2FIVwHaORMNJ7o_M¾UR`[D `PURMPHKLNMNJDo_MNJ DmFI]XVwbwbWMNJz9F[J2FIbWMNJ|S_UQVWJQ]dFIOQVWcjZKMNJMPOS$1U2FI]XVWoKFIbWMNJDJRY[HjOzHKY[OR`NMNJ
τa

τb
MPO
τc
5URMNJQS;MNLPOQV
i
MP]TMPHjO|x
­«Y[Z_U7bWMGORMPHKJRMPZ_UDfeU2F[o5VWMPHaO¾o_M
i
VwORMNJRJRMX´¶º5x»¿y}g¸zHKY[ZKJDY[_ORMPHKY[HKJ
gL = 3


gS11 − gS22
8τb
+
χ1(7
gS11 + 5
gS22)
4τc
(
1
4τb
+
χ1
2τc
)gS12 (
1
2τa
+
χ3
τc
)gS13
(
1
4τb
+
χ1
2τc
)gS12
(−gS11 + gS22)
8τb
+
χ1(5
gS11 + 7
gS22)
4τc
(
1
2τa
+
χ3
τc
)gS23
χ4
τc
gS13
χ4
τc
gS23
3χ1
τc
gS33



´ KGxw·¹¸
Y[¼
χ1 = (
ac
a2 + c2
)2
χ2 = χ1(
a
c
− c
a
)2 = χ3 + χ4
χ3 =
a4 − a2c2
(a2 + c2)2
χ4 =
c4 − a2c2
(a2 + c2)2
x ´ KGx»ºg¸
AM=ORMPHKJRMPZ_U
i
VwORMNJRJRMNJo_M	o_`[D Y[UQ]dFIOQVWY[H¦MNJRODY[_ORMPHaZsLNY[]X]TM
gD = 3


gS11 − gS22
8τb
+
χ1(7
gS11 + 5
gS22)
4τc
(
1
4τb
+
χ1
2τc
)gS12 (
1
4τa
+
χ2
2τc
)gS13
(
1
4τb
+
χ1
2τc
)gS12
(−gS11 + gS22)
8τb
+
χ1(5
gS11 + 7
gS22)
4τc
(
1
4τa
+
χ2
2τc
)gS23
(
1
4τa
+
χ2
2τc
)gS13 (
1
4τa
+
χ2
2τc
)gS23
3χ1
τc
gS33



´ KGx»¿g¸
MPO\S9FIU	VWo_MPHjOQV~9L|FIOQVWY[H F
i
MNLdbqFbWY[Vo_MdLNY[]XSrY[UQORMP]TMPHaOXLNY[HjOQVwHaZKMeHKY[ZKJ	URMPOQURY[Z
i
Y[HKJ?bWMNJ	URMPbqFIOQVWY[HKJ
´¶º5x ÃK·¹¸MPHaOQURM
(τa, τb, τc)
MPO
(ψ, β, γ)
x
·|Æ,H
      %'%' z _ ﬀ  ﬃ4ﬀ'426 5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­Y[Z_UDbWM=ORMPHKJ2MPZ_U{o_MNJO2FIZ5¯o_M=URY[O2FIOQVWY[HAKHKY[ZKJDY[_ORMPHKY[HKJ
gW =
3
2


0 0 (
1
2τa
+
1
τc
a2 − c2
a2 + c2
)gS13
0 0 (
1
2τa
+
1
τc
a2 − c2
a2 + c2
)gS23
−( 1
2τa
+
1
τc
a2 − c2
a2 + c2
)gS13 −( 1
2τa
+
1
τc
a2 − c2
a2 + c2
)gS13 0


x
´ KGx Ãj¸
w
Y[]XS_ORM=ORMPHjZ¦o_MNJDURMPbqFIOQVWY[HKJ?´¶º5x ÃK·¹¸_HKY[ZKJ{Y[_ORMPHKY[HKJ
gWi3 =
[
1− β
4γ − 1
(( c
a
)2
− 1
)]
ψ
2
gSi3

i = 1, 2
 ´ KGxSFg¸
MPODMPHpZ_OQVwbwVWJFIHaO
ψ
2
gS13 =
gD13
 ´ KGx»µg¸
FIbWY[URJbWMGS_URYo5Z_VwO gW .gc
SrMPZ_O{JRMGUR`N`NLPUQVwURMd´ McaZ9FIOQVWY[H´¶º5x Ãa¿g¸Q¸
gW .gc = λ
(
gD.gc− (gc.gD.gc)gc
)
x ´ KGxvHe¸
F
i
MNL
λ = 1− β
4γ − 1
[( c
a
)2
− 1
]
x ´ KGxS}g¸
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w
YjM[\dLPVWMPHjORJY[_ORMPHaZKJS;Y[Z_UbqFnD MPUQ]TMPOQZ_URM7Á ] z[S9FIUVWo_MPHaOQV~9L|FIOQVWY[HF
i
MNLbWMNJORMPHKJ2MPZ_URJ¨o}lnY[URo5URM
ÃTo_Y[H_HK`NJ{S9FIUDbml Á¾E  S9FIU2FI]T`POQUR`NMu´¶¿5x»µg¸9MPH]XVwH_Vw]XVWJFIHaO?´¶¿5x»¿y}g¸x
/
Cj1 C
j
2 C
j
3
· µ5xSFeÆIÃaºy}e¿e¿yFeÅyFy}eÆe¿eµkMﬁh Åeº Å5xw·|ºIÃaÅyFeÆ5·|Å,HyHdFeÆ5·PÃeÃ ·ex»ºyFe¿,HdFeºe¿IÃaµeºeºe¿,HÃ
º Å5x»¿IÃaº5·}e¿IÃH[Æy},H·}yFeµ h Å5x ÃaÅ,HdF5·|µ5·|¿yFIÃPFeÅeÆeµ5· h º5xw·|µ,H·|ºeµyFe¿5·Fy}eÅyF5·
¿ Å5xSFeÆ5·|ÆeÅeÅy}eÆe¿eµeÅyF5·Fe¿ Å5x»ºy}e¿IÃPF,HdFeºeÆeÆeµ,HÃaµe¿ Å5x»Æ5·|¿e¿,HdFeÆ5·}yFeµIÃH[Æe¿
Ã h Å5x»¿y},H[ÅeÆyF5·Fe¿eµ,HÃa¿yFIÃ Æ5x»¿eµeµy}y}eÆIÃaµe¿eµ5·|¿IÃa¿ Mﬁh Åeº h º5x»ºeÆeµeÅeÆeºyF,H[º,H[ÆeµeÅeº
F Å5x»¿eº5·|Åeºeµe¿5·}eÅyF5·e·}e¿ Å5xvHd}e¿eµ5·Fe¿IÃK·}e¿eºeµeÆe¿ ·ex»ÅIÃa¿e¿5·FeÅeµeÅeµIÃP}eÆyF
µ Å5x ÃK·|ºy}eÆIÃa¿eÅy},HdFeÆe¿yFy} Å5xSFeµIÃPFeÅeÆIÃa¿IÃaº5·|ÅyFeµeÅ ·ex»ÆyFIÃeÃPFeÆ5·e·$HdFeµIÃaÆyF
 0 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w
YjM[\dLPVWMPHjORJY[_ORMPHaZKJS;Y[Z_U«bqFZD¶MPUQ]TMPOQZ_URM I)KDÁ z|S9FIUVWo_MPHaOQV~9L|FIOQVWY[HdF
i
MNLbWMNJ«ORMPHKJRMPZ_URJﬁo}lnY[URo5URM
ÃTo_Y[H_HK`NJ{S9FIUDbml Á¾E  S9FIU2FI]T`POQUR`NMu´¶¿5x»µg¸9MPH]XVwH_Vw]XVWJFIHaO?´¶¿5x ÃPFg¸x
·|ÆeÆ
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Cj1 C
j
2 C
j
3
· Å5x»º5·$HyHyHÃPFeÅeÆy}eÅeÆ,Hd}y}_M  GÅeº h2xSF5·PÃP}yFeÅyFeÆy},H·$H[ºeºeº M  GÅeÅ Å5x»ºeÅe¿y}5·PÃaÅyF5·$H·|ÆeÆeÆIÃ M  GÅeº
º h2x»ºeÆ,HdF,H[Åy}yFIÃK·$H·e·|ºy}kM  GÅe¿ Å5x»º5·|¿e¿5·|µe¿eµeºyF,H[ÅeµeµeÆ_M  GÅeº h2x»ºy}e¿eÆyFy}eÅeÆe¿,H[¿eÆyFIÃP} M  GÅe¿
¿ Å5xw·}y}eµy}eµeÅ,HyH[¿eÅ,Hd}y}yF_M  GÅIÃ h2x»¿eÅeºy}eµyFyFeµIÃaÆ5·|µyFeµy} M  GÅe¿ Å5xw·$H[¿eÆeÅy}eºIÃK·|ºe¿yF5·|Æy}_M  GÅIÃ
Ã h2x»º,H[ºeÆIÃK·$H[ºIÃPF,Hd}yF5·|¿kM  GÅe¿ h2xw·|Æy}yFeµeÆIÃK·|µeµeÅ,H[ÅeºeÆ M  GÅeº h2xw·|ÆyFyFeµeµ5·|Æ,H·e·|ÅIÃaµ5· M  GÅe¿
F Å5x ÃK·$H·PÃP}IÃaÆe¿eµIÃaº5·|ÆyF_M  GÅe¿ h2x ÃaµeÅe¿eÅeµ,HdFeÅeÆ5·e·|µIÃaÅ M  GÅeº h2xw·|¿y}eÅ5·|ºeÆIÃa¿e¿e¿eÆeµ5·e· M  GÅe¿
µ Å5xw·FeºeÅe¿y}5·}eºeºIÃK·e·|Æeµ_M  GÅIÃ Å5x»º,H[Åy}eºyF,H·|Åe¿eº5·|ºy}5· M  GÅ5· Å5xSFeºe¿eµeºeÆy}eÆeº,H·FeÅyFeÅ_M  GÅe¿
H h2xw·|¿,H[µIÃa¿y}yFeºeÆeÆeº,H[Åy}kM  GÅIÃ Å5xw·}IÃPF5·|ÅeµeÆyFeµeÅ5·PÃaÅIÃ M  GÅe¿ Å5xS}yFeÆeºeµeµIÃPF5·$H[¿eµe¿,H[Æ_M  GÅe¿
} h2x»µeºy}y}eÆyFy}yF,HdFyFeµe¿eÆyFkM  GÅe¿ Å5xw·FeµyFe¿,HÃaºIÃaµeºeÅeÅeµ5· M  GÅe¿ h2xS}eÅyFeµeÅeµIÃH·|Æ,H[Æ,H[¿eÅ M  GÅeº
Æ h2xSFeºeµeÅy}5·|ÅeÅ,HyH·e·|ÆeÆeµkM  GÅIÃ Å5xw·|ÆeÅeµ5·|¿5·|¿5·e·|µy}eÆy}eÅ_M  GÅIÃ h2x Ãaµy},H·e·e·}eÅyFeµeÅyFeÆeÆ M  GÅIÃ
·|Å h2x»ºeµeµeÅeÆeµeºe¿IÃaÆy}IÃaÅ5·$H1M  GÅe¿ Å5x»º,HyH[ÅeÅeµyFyFeÅIÃaµeÅy}yFeÅ_M  GÅe¿ Å5xS}y}eÆyFy}eÅ,H[µeÅy}eºeÆeÅeµeµ_M  GÅ5·
·e· h2xw·|Æeµeº,Hd}eÅeÆy}eº5·|µeÆyFe¿kM  GÅIÃ h2xSFeµy}5·e·$H[ÅyFyF5·|Æy}eµeÅy} M  GÅeº h2xvHd}eºeÆeÆIÃK·Fy}eÅyFIÃP}y}5· M  GÅeº
·|º h2xSFeÅyFeºeµeµeÆeµe¿IÃeÃaÆy}5·|ÆkM  GÅe¿ Å5x Ãaºy}eÆeº5·FIÃaµ,Hd}e¿IÃaµ,HkM  GÅe¿ h2x Ãa¿,H[º5·PÃPFy}eÅeÅy}eÆ5·e·$H_M  GÅeº
·|¿ h2xw·e·|ÅIÃP}e¿eÅIÃK·|Æeºy}yFIÃH1M  GÅe¿ Å5xw·PÃaºIÃaÆIÃaÆIÃPFIÃaÅIÃa¿IÃK· M  GÅe¿ Å5xw·e·|ºeÆeÆeµe¿y}eµeÅIÃH[µeºe¿_M  GÅ5·
·PÃ Å5x Ãa¿eÅIÃP}y}5·|Æe¿,HdFy},Hd}eµ_M  GÅIÃ h2xSFIÃK·|ÆIÃPFeºeºy}IÃP}eÆy}y}5· M  GÅIÃ Å5x ÃaÅ5·$HÃaµIÃK·|µeºeµeºeÆe¿eµ_M  GÅIÃ
·F h2xw·|¿eÆ5·|Æ,H[Æ,H[ÅIÃeÃaºIÃH[ÅkM  GÅeº Å5x»ºe¿e¿e¿yF5·}eÆy}eÆ5·|º,H[µy}_M  GÅeº Å5xw·|ÅIÃaÆeº,HyHd}eÆeÆ5·}e¿eºeÅ_M  GÅ5·
·|µ h2xw·PÃeÃa¿yF5·$Hd}5·|ÆeºeºeÅ5·|¿kM  GÅIÃ Å5xw·|ÅIÃK·}e¿eº5·}eµyFIÃaµ,H· M  GÅIÃ h2xw·|¿eÆe¿IÃaÅ5·FIÃaºy}y},H·e· M  GÅe¿
·$H h2x»ºeµyF,H[Å5·|¿eÅ5·$HyH[¿eºIÃaÆkM  GÅe¿ Å5x»¿e¿5·PÃP}eÆIÃK·|ºy}IÃeÃaµeµ,HkM  GÅe¿ h2xw·$H[ÅeÆeÆyFeÆIÃP}eÅ5·FeÆyF5· M  GÅeº
·} h2x Ãaºy}y}eº5·|µeÆeÆ5·|¿eÆeº5·|ÅkM  GÅeº Å5x»µeµeÅeÅeÅeº5·FIÃaºeÅeÆeÆeÆ5· M  GÅeº Å5xSFIÃPF,Hd}IÃH·|µ,Hd}e¿eÆeÅeº_M  GÅeÅ
·|Æ h2x ÃeÃa¿eºe¿eµeµyFeµeµeÆe¿eÆeÆ5·M  GÅ5· Å5x»ÆeÆ,HdFeÅeÅ,HyH[ÅyFeº5·},HyHkM  GÅ5· Å5x»Æ,H·e·|ºeµ,H[µ,HdFy}5·F5·$HkM  GÅeÅ
ºeÅ Å5x»¿eÅeÆ,HÃaºe¿IÃaÅeºeÅe¿eºeÅeÅ_M  GÅIÃ Å5xSFeµeÅyFeÅy}eµeºy}IÃH[ºIÃP}eµ_M  GÅIÃ Å5xw·PÃK·|ÆeÅeÆyF5·|ºeÆeµ,Hd}y}eº_M  GÅIÃ
º5· Å5x»¿y}eµIÃH[¿eÆ5·|ºeºeÆyF5·e·|¿_M  GÅeÅ Å5x»ºeÅeÆeÆeÅeÆeºeºyFeÆeÆeÅ,HdFeµ_M  GÅ5· Å5x»ÆeÆIÃK·PÃaºy}eÆeºeµeºy}IÃK·|Å_M  GÅeÅ
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EGFIHKJXLNMPOQORMsFIH_HKM¯5MeﬁHKY[ZKJ]TY[HjOQURY[HKJdcjZKMkbWMNJbWY[VWJTo_MLNY[]XS;Y[UQORMP]TMPHjOTSrY[Z_UXbWMkS;Y[b215LPUQVWJQO2FIb
Y[_ORMPHjZKMNJF
i
MNL7bWMNJ¨]TYo_PbWMNJo_Mnm«F 1bWY[UzMPOz°jO2FIOQVWcjZKM\´ M¨cJ|xC´ÄÃKx Ãj¸MPO7´ÄÃKxw·|¿g¸Q¸MPO`NLPUQVwORMNJ½MPH1D¶Y[HKLPOQVWY[H
o_MNJORMPHKJRMPZ_URJ	o}lnY[UQVWMPHjO2FIOQVWY[H
a(2)
MPO
a(4)
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J¹ln`NLPUQVwO|KoKFIHKJbWMGURMPSrPURMo_M=UR`[D¶`PURMPHKLNM
R =
3∑
r=1
oer ⊗ er  ´ Ex»ºg¸
Y[¼ oer
JRY[HaO{bWMNJ
i
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